Synthesis, characterization and evaluation of bone targeting salmon calcitonin analogs in normal and osteoporotic rats.
In order to assess the therapeutic efficacy of an antiresorptive drug with imparted bone targeting potential using bisphosphonate (BP) conjugation and an improved pharmacokinetic profile using PEGylation, we synthesized, characterized and evaluated in vivo efficacy of bone-targeting PEGylated salmon calcitonin (sCT) analog (sCT-PEG-BP). sCT-PEG-BP was compared with non-PEGylated bone targeting sCT analog (sCT-BP) and unmodified, commercially available sCT. sCT-PEG-BP conjugates were characterized by matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) analysis. The effect of PEG-BP or BP upon sCT secondary structure was examined by Circular Dichroism and sCT-PEG-BP was evaluated for in vitro bone mineral Hydroxyapatite (HA) binding ability and calcium salts specificity using a binding assay for bone HA and several calcium salts. Anti-calcitonin antibody binding ability of these analogs was determined using enzyme-linked immunosorbent assay (ELISA), by reacting bone targeting sCT analogs with calcium phosphate coated Osteologic® plates and detecting the bound sCT using anti-sCT antibody. Potential cytotoxicity of these compounds was evaluated in monocytic RAW 264.7 cells, and sCT bioactivity was evaluated using an in vitro intracellular cAMP stimulation assay in human T47D breast cancer cells. Finally, in vivo efficacy of each compound was evaluated by determining the plasma levels of calcium after s.c. administration in normal rats, and in a rat model of Osteoporosis, secondary to ovariectomy (OVX). In vivo micro-computed tomography (micro-CT) was used to temporally map and quantify alterations in bone volume and bone mineral density (BMD) in the same animals at 1, 4, 8 and 12 weeks after OVX surgery. Sixteen 6 week old virgin female rats underwent OVX surgery followed by the daily s.c. injection of 2.5IU/kg/day sCT or equivalent analogs, and compared to four sham-operated, placebo treated control rats. Our results showed the chemical coupling of PEG-BP or BP to sCT altered its secondary structure without altering its antibody binding ability. sCT analogs retained strong sCT bioactivity, were non-toxic to RAW 264.7 cells in culture and elicited a comparable hypocalcemic effect to that of unmodified sCT in normal rats. Compared to marketed unmodified sCT, sCT-PEG-BP showed significantly improved efficacy in terms of preserving bone volume, BMD and trabecular micro-architecture in osteoporotic rats at the initial dose tested. Bisphosphonate-mediated targeting of PEGylated sCT to bone represents a new class of targeted antiresorptive compounds that has not previously been attempted.